Introduction: Optical buffer via optically controlled slow light propagation is highly desirable for numerous applications, including all-optical true time delay, signal processing and storage. The device is based on optically controlled dispersion, which leads to the possibility to control the group velocity. An all-optical buffer based on electromagnetically-induced transparency in quantum dots has been theoretically considered [1] . Recently, slow light via coherent population oscillation in quantum wells has been demonstrated [2] . In this Letter, we analyse the possibility of realisation of slow and 'superluminal' light in semiconductor optical amplifier (SOA) via wave-mixing. Dynamics of carrier density and of the carrierdependent refractive index leads to the nonlinear dispersion, and the possibility of slow and 'superluminal' light.
Model and formulas:
We consider two CW beams with parallel polarisations injected into an SOA with waveguide geometry. The strong (pump) and weak (probe) beams are of frequency o o and o 1 , with amplitudes E o and E 1 , respectively. The dispersion characteristics of the probe beam in the SOA is calculated in the presence of the pump. Beating between these beams leads to oscillations of the carrier density N in the SOA at the difference frequency (detuning)
From the expression for the polarisation P ¼ e o w(N)E, where w(N) is the carrier density dependent susceptibility in the SOA, we have the polarisation amplitude at the probe frequency
where g N is the differential gain, a is the linewidth enhancement factor (the a-parameter), N tr is the transparency current density. The oscillation amplitude Ñ is found from consideration of the carrier dynamics in the SOA [3] , and
is the dimensionless saturation parameter, P o is the pump photon density, v bg ¼ c=n bg , n bg is the background index. Thus, the second term in (2) is proportional to jE o j 2 and describes the nonlinear polarisation due to wave mixing (WM) in the SOA. From (2), we find the refractive index due to WM:
where g mod is the modal linear (non-saturated) gain in the SOA, and the function
The group velocity v g in the waveguide is expressed as v g ¼ c=S where the slow-down factor S ¼ n bg þ o Á dn wm =dO is given from (3) as
Here both the refractive index n wm and the slow-down factor S have included the modal optical confinement factor (percentage of optical intensity in the active region) since the formula uses g mod .
Numerical illustration: Fig. 1 shows the spectral behaviour of the probe refractive index due to WM in the amplifier (g mod > 0) for different values of the a-parameter. For a ¼ 0 (dotted curve), the dependence is the standard dispersion-curve with dn wm =dO < 0 (abnormal dispersion) in the centre of the line. At non-zero a, the character of the curves changes dramatically. The curves have one single maximum and no minimum, and dn wm =dO < 0 (normal dispersion) at O > 0; and dn wm =dO > 0 at O < 0. This spectral behaviour of n wm at nonzero a's corresponds to the so-called 'asymmetric' probe gain in semiconductor lasers [3] . Spectral behaviour of both the 'asymmetric' gain and index n wm are effects of the carrierdependent refractive index in the SOA. In fact, the carrier density oscillations (1) manifest in the probe gain and dispersion rather via the refractive index than through gain dynamics. The behaviour of n wm implies the possibility of realisation of 'slow light' at O < 0, and 'superluminal' light [4] at O > 0. From Fig. 1 it is seen that increasing a-parameter promotes larger values of index and dispersion. . The module of S increases with increasing g mod (see (4)). In calculation, we used the value of 100 ps for the carrier lifetime t S . Such values can take place in SOAs due to Auger recombination at high pump currents. If the carrier lifetime is longer (say, t S ¼ 1 ns), we can have a much larger slow-down factor S (see (4)), but the device would have lower bandwidth, which is $ 1=t S . Formulas (3) and (4) are valid also for a reversed-biased SOA when the modal gain is negative (g mod < 0) -waveguide absorber. Fig. 3 shows the factor S for different values of the absorption b ¼ Àg mod in the device. Since the carrier lifetime t S in this case can be defined rather by carrier sweep-out from the absorbing region with the electric field in the device [5] than by carrier recombination in this region, we assume t S ¼ 30 ps, which implies larger bandwidth of the absorber device in comparison with the amplifier. Based on the carrier distribution in the absorber, we assume a ¼ 0. It is interesting to note that the group velocity in an SOA may be varied either by changing the detuning frequency or the bias polarity. Conclusions: We have shown a peculiar effect that slow and 'superluminal' light can be achieved in one SOA due to nonlinear dispersion caused by wave-mixing via the carrier-dependent refractive index (chirp). Large group velocity variation can be achieved either by varying the pump-probe detuning frequency or the bias polarity of the SOA. This may be used to realise a fast optical buffer and signal processing devices.
